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* ~ABS TRACT

Program BALL.C is a model designed to optimally allocate a

mtxed-vkvapon offensive force over a set of multiple-valued targets

defended by multiple noninterssecting random area and subtractive

S~locall detenses.

'rie program will maximize the expected damage over the totai t
target set, with the restriction that no more than one weapon

type be allocated to any randomly defended island or target

subset.

This report presents the concept on which the model is based,

and describes the implementation of this concept as a computer

program. It also contains a users manual, and an example of the

use of the model, employing fictitious data to avoid the neces-

Y ~~sity Of Security classif~ication.i)
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PREF ACE

Thi s report IS submit tud under Cont ract NOOOI.I-71-C-0013

to t he Off ice of Naval Research under t he task Pormiga{Strategic Bomber Allocation Model." This report contains a

description ot the model as Aell as a1 uISVrS guide for running

the program.

The whork reported here has been performed in the Systems

EvalUation Department. Engineering Systems Division of Stanford

Research Institute, under the supervision of Dr. Ricardo de

Sobrino, Staff Scientist, Mrs. Barbara J. Ripple, Mathematician,

acted as project leader. and Mrs. Nancy J. Lemons, Mathematician,

did the programming.
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I INTRODUCTION AND PURPOSE
T

During the past fe\w years, models used to evaluate the

et'tvctiveness ot strategic systems have been highly developed

and widely used. In particular, one genral class of such models,
!*

N•hich will be called here the "aggregated type" has become

attractive in the rapid evaluation of relative effectiveness of 4
alternative systems. In addition, these models are useful in

investigating the sensitivity of the results to the values of

system parameters, and to the interactions of offense and defense.

SRI is currently under contract with OSD(SA) to develop

techniques to improve the representation of airborne strategic

systems in effectiveness models of the aggregated type. As a

result of that work a weapons-allocation model against targets

defended by random type area defenses with certain restrictions

has been r made possible.

The purpose of this report is to describe BALLOC, a weapons-

allocation model programmed for the Office of the Chief of Naval

Operations.

*

For a more complete discussion, see Ref. 1. References are

listed at the end of the report.

Si1
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II MODEL DESCRIPTION

A. General

'The allocation model described here has some unique features

that are not available in currently existing models of the aggre-

gated type, such as CODE 50, AEM, and similar ones.

The model assu~nes a number of corridors (or islands) de- '
fended by area defenses (fighters) that do not overlap. It also

assumes that no more than one type of bomber (more specifically,

payload type) will be used within each island. These are the

main limitations. It does not appear easy to eliminate the first.

Methods to remove the second are well under development, though

this can only be done at the expense of increased running time.

Distinctive features of this model are as follows:

(1) Bomber penetration probabilities are a lunction

of the attack size on an island (or corridor).

I1
(2) They also vary within each island as a function

of the penetration distance; in fact, they may be

different for each individual target.

(3) They are accepted as inputs in tabular or functional

form and may be obtained from detailed simulations

if desired.

24I i
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1B. Problem Formulation

We assume here that a set of targets is defended by non-

overlapping multiple random fighter area defenses. Since the

def ense coverages are ntonoverlapping, the targets are in fact

divided into N disjoint subsets (or corridors). Each corridor

is dvt'endced by a known random fighter defense. In addition,

subtractive local detense may also exist for some (or all) tar-

Sgets in tl. corridor. We further assume that each corridor will

be attacked by at most one type of weapon.

We should note that the model allocates the weapons, not

the carriers. This self-imposed restriction is needed to achieve

acceptable computation times, and is generally assumed in models

of this type. Once a weapon allocation is obtained, weapons

could, in the real case, be loaded on specific carriers that

could then be routed to specific targets.

Let B be the number of type j weapons allocated to the

th corridor. The penetration probabilities of the weapons are

.P. .( , R), where R is the distance

from the entry point to each island. Thus, and in general,

penetration probabi ities are different for different targets.

Then for a given value of B the penetration probability of

each weapon can be obtained from the prescribed penetration

probability function P..(B..), which in turn determines the

damage function of each target; the optimal allocation of B ij

that maximizes the total expected damage function of the island

can be efficiently generated by the use of Lagrange multipliers.

3



I
Let f (B )be the. total expected damage function to t th

j Uj

isl~and caused by type j Aeapons, We note that f is a function
Ij

in tabular formu since it corresponds to the sum 01 the expected

t h
damages ot all the targets in the i corridor with each target

having in general a dit'terent damage I unction, because the

tax-gets either belong to clitterent exemplar groups, or have

diff erent penet rat ion probabilities clue to geographic location.

The piroblem may be expressed mathematically as followks:

N J

Maximize U j ( jB i)

(U.) (B) il j-i

Subject to U S•1 il2..

NZ B* B I j = 1,.I
Ij j

Ž0 for all i~j
13

U =0 or 1. fcr all i,.J
1 j

41



qI
%here J is the total number of %eapon types, and U. equals I

"? tth
it the type j weapon is assigned to the i corridor, and equals

0 otherwise.

SThe generalized Lagrange multiplier method is readily

applicable to this problem. Th, method consists of two parts:

(1) Fur a given set of values of the Lagrange multipliers

,. , , ), let B' = (B.*) be the weapon alloca-

tion matrix that maximizes the Lagrangian:

L('.,B) = f(B) - B Z L( "B)

i=1 j=l i=1 j=1

For thethIh For the i corridor, let j be the weapon type

that maximizes

Lij "(ji 3B, i.e.,

Liji j.j,BJ) =max L..( j

Let U 1 if j j VLe ij i !

0 otherwise,

th
i.e., assign weapons of type j to the ii[,

corridor and let

54
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~N

rhenl U and B are opt imal for the assignment

problem, Aith B* in place of B tor the total

nIumber' Of type j Aeapons.

(2) Using an existing iterative procedIure, the values

of .may be systematically adjusted so that the

eaCLpon resource vector (13*) converges to its desired

values (1.).

6



III MODEL IMPLEMENTATION

A. I ntroduction

The program consists basically of three steps: (I) finding

the damaget functions for each attacker type on cach corridor,

(2) optimally allocating the offense force on the corridors, and

(3) adjusting the optimal allocation to be identical with the

desired allocation when the latter is not exactly obtained. This

last step %ill be denoted by "closing."

B. Generating the Corridor Damage Curves

1. General

Because the probability of bomber penetration to each

target (and the corresponding damage function) depends on the

total attack size to a corridor, due to the assumption of random

area defenses, the following steps are necessary to obtain each

point on the damage curve of a given weapon type on a given

corridor:

(1) For each desired attack size, find the penetra-

tion probability corresponding to that attack

i? ~s ize.

(2) Find the individual damage functions for each

target given the penetration probability.

7



(3) Using Lagrange multipliers, find the optimal

allocattion for tht. dtcsirtd attack sizte.

Each of thest t hri-.t stps is discussed in more (ittail

IThu numbter of points on each curvv. as A, ll as thie

maximum attack size for each curve, art' user inputs. Due to

computer storage rt.quirtimcnts, htk4LevUr, a maximum of 20 points

per curve cannot b. presently exceteded.

2. Finding Penetration Probabilities I
To find the probability of a %eapon penetrating to a

target, t, th. grvat-circle distance, (1, from tht. corridor entrance

to that target is found using:

-l
c = Cos [st sin) LAT) cos(LApl) cos(LATl) cos(LOT - LDpl)

-l

e- cos [sin(LA p) sin(LA p2) + cos(LA p) cos(LA p2) cos(LOp2 - LO p)]

-1
B = cos 1sin(LAT) - cos(c) sin(LA p)] '[sin(c) cos(LAp)] -

-1
cos [sin(LA ) - cos(e) sin(LA )] '[sin(e) cos(LA )]

p2 p1 p1

d = :-100 sin [sin(c) sin(B)] (1)

% where

LA LO Latitude and Longitude of target t

A C p1 pA' LOp Latitudes and Longitudes of cor-

ridor entry boundaries

d = Great-circle distarce between tar-

get t and corridor entry line de-

fined by p1 and p2.

8 .
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GiveeI this distance and thu attack siz, of interest

a table lookup procedure is used to obtain th, penet ration

probabil1ty. These tables are inputs that must be generated -
externall. Linea, Ianterpolation IS used to obtain the, desi red

I attack size from the tables.

3. Target Damage Functions

The square-root-law damage function is used for each

target. For a locally undefended target %ith penetration proba-

bility equal to one, this is of the follo~ing form:

= -v 1 3 C (1 J k -/ a (2)

where

v = Target value

a, Number of type j %eapons arriving at target i

k = A damage constant that depends on the target's

hardness and size and the weapon's yield and CEP

d = Expected damage.

Given a penetration probability (P ) for attacker j
1 j

on target i, a ne% value of k, kI is found such that

P1 3 G~(1) = v - e 1 (1  k'i (3)

91
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I
his k° value then has the effect of "stretching" the

ULldhldl.|l tdatnage function to allo% tor tiile effects of tile

.pe netration probability through ti. area deftenses, and the ex-

Spetied damage is found by using thits k' value in Eq. (2).

I I there is a local defense at target i, the a,

term in Eq. (2) is replaced by Va -h-vere

" "l ~ j ,i Ji

Y}• I Ri kPj J4)

and

Y = Equivalent price of the target i for weapon type j
j,i

I = Interceptors at target i effective against weapon j

R = Interceptor kill probability against weapon type j

k An input constant associated with the leakage

through the area defenses.

P Penetration probability through the area defenses,
ji

a function of the target location and attack size.

4. Find the Desired Attack Size

Given the individual target damage functions at a

corridor, it is then possible to obtain the attack size of

interest. This is done using Lagrange multipliers in an itera-

tive technique. Starting with a very large value of a single

10
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f
scalar multiplier and a very small one, two attack levels that

bracket the desired attack size are obtained, A new value for

the multiplier is found by taking the average of the two previous

ones. 'rh. new allocation is obtained and replaces the old point

on the same side ot the desired allocation. This averaging

procedure continues until either the desired point is found or

the values ot the ,nultipliers do not coalesce into a single

value resulting in the desired number of weapons, in which case

the solution is in a gap. When this occurs, thle point closest

to the desired point is used.

C. Optimal Weapon Allocation

To optimally allocate the offensive force, (i.e., maximize

the expected damage destroyed over all the corridors) thle program

again utilizes the Lagrange multiplier method. 4  In this case,

the Lagrange multiplier is a vector in j space where j is the

number of weapon types.

Given the multiplier vector, the problem of finding the

optimum force allocation is quite simple, since the damage

functions are in tabular form and the corridors do not overlap.

Each corridor can be treated independently, and the "best" weapon

type (and the number of weapons of this type) to use on the f
corridor is found by searching each damage table to find the

point that maximizes F(A) - . A = L for payload type j, and I
then choosing the type with the largest L.

11 j



After each allocation, the multiplier vector is adjusted

until either the desired attack size (to %%thin the granularity

of the damage table) is obtained, or, the change in the values

ot the multipliers is very small, or a maximum number of itera-

tion is reached. If the desired attack size is obtained, the

run is complete; otherwise, a closing procedure is required to

adjust the optimal attacks to match the desired one.

To adjust the multiplier vector, the following standard

algorithm is used.* Along with the \ associated with each

attacking payload type is a AX It is the AX that is adjusted
J j

to find the new , If AX' is going in the right direction butj' j

the obtained allocation is still not at the desired value, then

SAX'= c %'' where c is an input constant > 1.0. If in the last

Siteration the desired allocation was crossed, the AX' c A
j 2

% here c is also an input constant, negative, and < 1.0. Also,
tt

a Ax term is applied to all X*'s. This term is modified at

each iteration by the same constants as the AX 's, depending on

whether W is greater or less than W N A (W = desiredj J D j J A

allocation; WA obtained allocation). Thus,

N' : (I + A1') (1 + Ax) t 4J ~JJ

The values of c and c have been obtained heuristically.2 '

• This algorithm was originated by Dr. H. Everett of Lambda Corp.

12



D. Closing Procedure

Th, closing procedure is a heuristic method used to slightly

change an obtained optimal allocation to reach the desired one

i ~%it tht, nil. atter lies In a %ap"t and is not obtainlable by tile

Lagrange multiplier method.

In Program BALLOC, t~o procedures are needed; the first

adjusts the allocation among tile corridors until tile desired

allocation is obtained. The second procedure then adjusts tile

individual corridor allocations among tile targets within that

corridor.

The first step in performing the first closing is to select

tile "best" allocation to close on.s This is done by finding thlef allocation that minimizes: 12

J [ . D D) jJ V(5)

J J)

w, he re

must Obtained number of type j weapons

SD' =Desired number of type j weapons.

The routine imposes the restriction that each corridor

must use the weapon type assigned in the optimal allocation;

thus, for each type-j weapon, if WA >WD., the routine selects

from the corridors that are assigned this type the one receiving

13
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the least damage per attacker, anld reduces the allocation to

this corridor. Similarly, it WA < %%D' the corridor that %Aill
I +i

r-',LeLve the most damage per attacker is selected to recCeiV tie

atdititonal %eapons.

It a ývbapon type %ýas not allocated at all. thte routine

selects from the unllatttvcke, d corridors the onte that \Uould reCeive

the most damage a:nd allocates the \%vapons to that corri(tor,

Atter tile exact allocation to each corridor is obtai ned, tile

procedures described previously in Section B-4 are used to

j allocate the %eapons among the targets \%ithin the corridor.

t If 'The desired allocation to that corridor is not exactly ob-

tained, an algorithm similar to that used in the first closing

is used for slight adjustments.

I4

I
II
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IV PROGRAMI DESCRI1PTION

"A. I ntroduct iol

BALLOC is \rittten in Fortran INV tor use on the SRI CDC

6400 computer as .ý,ll as the CNA CDC 3'600. The ,r,, 1raple

re,(utirQemen lt is approximately 50,000 words. the running time

can be broken into t\o parts--the time required tO generate

the damage curves for each corridor, and, given the curves, the

time required to obtain a given allocation. To generate a curve

v.ith 20 points for one weapon type on one corridor requires

approximately 10 seconds on the CDC 6-100. Trile running time to

obtain the desired vueapon allocýtion depends on the numbei, of

corridors and the number of Aeapon types. For t\wo ,eapon types

and nine corridors, the time is approximately 5 seconds.

SSection IV*-B contains flo%, charts of' the main program and

of the more complicated subroutines. Section IV-C gives a

description of the user input to the program, along \%ith typical

sample values. In Section IV-D are several figures shoewing

various representative sections of the output of this program.

The target values and damage functions used to calculate

the examples shown are fictitious to avoid security classification.

This is an average value assuming 40 targets per corridor and

obtained from a total time of about 180 sec for 400 targets lo-

cated in 9 corridors.

15
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B. Program Flow

Figure 1 is a flow chart of the main program flow. Figure

2 shows the allocation subroutine, and Figure 3 the closing

procedure.

C. Data Input

1. Data-Card Deck Set-up

The following cards are required to run the program:

Card ID Number of Cards Description

"1 1 Variable size card

2 1 Number of points on damage curves

for each weapon type

3 1 Maximum number of weapons of each

type to be used in computing

damage curves

4 1 adjustment card

5 A set for each "K" values for each exemplar group

weapon type

6 One for each local- Local-defense card

ly defended target

7 1 Number of targets in each corridor

8 One for each Target-description card*

target

9 One for each Corridor entry points

corridor

10 1 Interceptor constants

* These cards are ordered so that all Corridor -l cards are first,

followed by all Corridor-2 cards, etc.

16
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Card ID Number of Cards Dlescription

11 1 Interceptor reliability against each

weapon type

12 I Attack-size table

13 As many as needed Distance from entry-line table

14 As many as needed Penetration probabilities as a

function of the attack size and

d i s t ance

15 One for each case Desired-allocation card

to be run

2. Input-Card Formats

Figures 4 through 18 describe the input card formats.

The first row contains the number type (I right justified integer,

R = a real number, and A is an alpha format). The second row

contains the field on which the number is to appear. The third

j row describes the input, and the fourth row gives sample values.

Figure 4 contains the size limitations for the various

parameters as well as giving three print options. If the Option

1 field is not blank or 0, damage curves for each weapon type

on each island will be plotted. Option 2 will print out the

allocation to the corridors for each iteration, unless the field

is blank or 0. Similarly, a blank or 0 for Option 3 will sup-

press the printing of the allocation summary for each cycle.

Figure 7 contains the constants for increasing or de-

creasing the Lagrange multiplier vector to converge on the desired

solution, as well as the cutoff point to stop the iterations.

These are inserted in the above order for each corridor.

20
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Each targv't is assigned to an exemplar group, however,

there may be up to -100 grzups so that each target can be treated

independently. Thte damage constant ("k") (Figure 8) is given for

each w.,apon type and each exemplar group.

rho- target cards ( igur. 11) are ordered so that all of

the targets in Corridor I are first, tollowed by Corridor 2, etc.

Figure 10 gives the number of targets in each corridor. The last

corridor contains all of the targets not covered by any area

defense.

For each city with local defense, a card (Figure 9)

showing the number of interceptors against each weapon type is

used. Also, a constant determined by the leakage through the

area defense is needed for each *eapon type (Figure 13). Inter-

ceptor kill probabilities are given against each %eapon type

(Figure 14), and to obtain the equivalent intercepts of weapon j

against target i the program uses

E IRK --
ij ijj P

p

where -

Iij Interceptors at target i against %eapon type j

R = Interceptor kill probability against weapon type j
k

K. An input constant associated with the leakage through

the area defenses. 3

21
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P , ti. p .tit t ta ttIon pnobabi lit y to a g Ictl tatrgut Is

p

-i t u ltitti i tt tihu total attack siev it' t h. ctri dor andt( thik.

01-t tit.t"ck t! the ta.rgt t nrm the. corrridor vnt t ralnce- . Figures 16,

17, ail IS iontai the tabli. d .-scribilig till- -t u fiIct tolns

1) . Sample. Output+I
Figures 19 through 23 are samples of the output available from

BALLC., Figure 19 contains tile program iiiputs. Figure 20 shn%%i

the plots ot tilhe tndIVIdual damag, tulCntIons tor each weapon type

oil vach corridor. "rIs printout i optional, as is Figure 21,

%hi ch contains tile output available atfter each iteration. Figurre s

22 and 3sho" thet. ti tal program output,

k

22
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ICC CCCC CCCC.CC ccc CCC CCCCC CCCCC cccccC

'ICc c COC CCC CCC CCC Cc a cccaccVC aC cc CC aCC wo 4CCC

V.
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0c 000CC 008000000C 00800000cc00000o
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Occ cc cc c 0c 00c0a0c cc c 00CC CCC 0000 ac<c

00 0000 000 000 00 0000 00800 0CC 000 00 000o

QC OQ00OCIC CC QaCCaO OaCOCa8QCa C40 V40= Q000 -CO
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FhINAL A~LLOCATION ?C TARGETS IN CORP0RI 2

Tt01S COMAIOCM WAS AITACKED ByV WEAPON I i
ICTAL ATTACKERS TO COPPICCA 21

ICTAL DAS'AGE TO COPPIDOQA IA999591

TCTAL VALUE OF r0mm1D0P a 11300.000

TAPnEy ATTACK CA00A OF

2 26,427?

A120,27S? '
12 010000

142 0.0000

a6o 0.0000

207 0.00000
Inn 010000
2t2 0.0000"
12380 0,0000
1235I 01000"
129 0.0000
1325 n 0100003
279 , 0.00000
294 0,0000

33 01000#3
340 "060000

359 9'0.0000

371 A' 0.00000
238 A 0.0000

249 m1 0.00000
394 n' 0.00000

394 0,00000

359 n0.030
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Append ix
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II PROGOAMt RALL0C (INPDUT #OUTPUT 9TAPEAUTNPtjT *ApPFAGUTPUT I

c ~CMComek/ fnAP/LaMnA,(SOn,~,VSOO),ePTTLM(4no,5),IF!R'T.!LAST,

COMMCNjC8EST/TwJ.TOTABIS) ,TTYPER(Ili RWFAOP(l%) ,EnAmB(15),

mPAL VAV.KL~mAflA LAMOA?,LAMDALAMRDA.LAMMAELTOTALLAMDAR,
I LAT 9LOIA.%KAY I

PFAr) In NCOR~fl.NATTYPNAPNfl~IST.!TrMX,(TPPTNT(T).I1013),NEXp2MP,

TF (N.ATTP,IV.(r.NopT) GO TO 65nl

READ Inn*. (KINCP(IW)v1Ww1,NATTYP)
READ i1019 (KWEPMX(Tw)*!WmlqNAiTYP)

203 INCR(TWiU(FLOAT(KEPMX(TW))/NTNCR(TW)*Oqq

O nn 2ibsulNATTYP

DMO Zn4 TLS81N940E

DO pn4 TwaigNATTYP
204 NTNTEC('(TDTWunfTE(W

F EAr) In')* TAPGfl)9C2I9Nt.CORjD)

00 2nr' TCs?qNCnR!D
200 lpnyIT(TC)ayPOTNT(IC-l)*NTAPG(ICui)

!T&RGuTPOTN'T NCOPTO .NTARG INCOPTO) .I

0O ?EIP TTxlsITARG
READ 1104 Tln(TT),kEx.V(IT),LAT1,LAT?,LAT3.LMN(4),LnNG2.LON(43
LAT (TT)sa(LA!). (LAT:?.LAT3 /6'l.) iM. ) n*617 4 1'1

LONci(TT a(LONG * (LONG2.LONG3/60.) /60.)*0.0t74'S3I

SAM(CTT. TWi uN'!NTEP ( DT. 1w)
20P XAY(tTqTw)mKAYi(PNEX91W)

00 2nr TfCaINC0R~f
REAL InP. CLATICLAT2,CLATI.CLCONGI.CLONG?.CLONG3,CLAT4.CI AT5,CLAT6

1 ,CLOKG49CLONG5,CLONG6
CLAT(TC,1)a(CLATi. (CLAT2.CLAT3/60,)/60.)*fl.0l7453
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CLAT(TC,2)u(CLAT4.(CLAT5.CL.AT6/A0.)i'60.)ol).l7453I

CLONA(TC.1).(CL1.,)4(CLONGA?.CtCNG3/AOý.)f44n.)fl.01745a
20S CnT~.

CONTT in'#f(we!uvATP

RF~AI) m'i;, fPELCY.),IW~lNATTYP)

VFF=' *(
nlo 21S yCul.P'Cn'R~n

!FTPSTuTP1IKT (IC)
ILA4ST*TFIA'T*NTAPCS(TC)"'l
VALU L IF(If) a(,(
fluaCrq(qIN(CLAT(TC,1))oSIN(CLAT(!C,?1))Cnq(eLAT(tC91))eCflS(CLAT(!C

G3AMMAxa(OS((SIN.(OLAT(IC,?))-COS(D)@SUki(CL&T(TC,1)))/(SyN(fl)*COs(
ICLAT( C9!'1))))
Or 21P TT*TFIW~STgTI-AST

ALPHNA3CO5S((SINI(L-AT(IT))-CO$(R).SyN(rLAT(yC.11))/(S!N(4)eCOS(CLAT(

AFTAALPMAmSA~mA
TisT ( IT) u3440.AS IN(CS IN (H)*STN (BETA))
DO 21" TwaloNkTTYP
IF (540v(IT 9 1W) e"~.fla) GO T(' 209

Go Tr 71 1
?C'Q NINkTFP CTTIw)un
210 COKTTN'I r
212 VALLJF(TC)uVALUF1TC).V(IT)
2 19 VEE mYF F *V4'1t'E ( IC I

nn 221 TCs1.oNCnP~t)
IrIPCTzTPOI'T C I C)

POINT 1009, IC
rno 2?1 TT21FIP~qTgILAST

221 PRINT 1.q5t TD(TT),V(IT),TnIST(IT).(KAV,(ITIW),1w315S)9CNINTER(!T,

PPRIýT 110
nc 3ý, TCuioNCf'PID
IF (Ir.FQ*NCORID) GO TO 221

OM~ 22^ 1wslNATTyp
DOý '21 ,N 19hAP

2p3 no PP, Twz1,NATTYP

AT1CQVTC9TCIl)2Vfl*

ILAýT=TF !P3T*NTAPtn 1C)-l
IF ( !C.FG*COqTn) GO TO 2c;
r( ?I" TT2tFI~eT*ILAST
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225 CCPD3PdNI P (WE

no 2ýtn mw2,mINCRP

IF (A(w*Iw),GEAF(IA)) 00 TO 245
NP (Mg 1 q) UIA
GO TC Pfl

24A CONTTN%1uF
NP (m * I) ENAP

250 COKT1tLF
255 DO 30ml IWE19NATTYP

MYNCOPuNINCPP ( W)

JRuNP (W*I 1W

CLMA~ufnen
On ?Am !Tn!FIRST91LAST
IF (ICNENCORIfl) GO TO PS7
K (TTsTW)uKAY (I1,1w)
GPO Tl ?S9

2 7 K aT n IST1T)

PPQOPIuQINT(DIST(KA) oDTST(KB) .PP(KAJAIW) ,PP(K8,JAIW) .TDIST(IT))

PPQOP'>sPINT(DIST(KA),OIST(P(R).PP(XAjqlIW)PP(KRJ8.!W).TnlIST(1T))
PPRODURTNT(AP(JA),AP(J8),PPPRO1,PPRORPA(MOyWfl
IF (PPQC.eGT.1.0) PPRaRul*6
IF (PPQ0RLT.O0fl) PPPOSE.0.
x(iTTTw)38PKAY(KAY(IT.IW) ,PPROP)
IF (KP!TEQ(ITTTwI)*EQ.0) GO TO 259
IF (PPPnR.ECO0fl) GO TO 259
NIKTFO(TT91w)x(Ni~TER(ITTW)/PPRORPf*mc)

259 CRTTLm(ITT1w)av (IT)*K(ITIw)**2/2,
26Af CLMAU2AvAXI(CLMAXICRI1LM(ITIW))

LAMDAInCLmAx
LAwPA PsI .0

27A LAMflA*(LAMDA14LAMDA2)/2* OT ~
IF ((L.A%0rA)ILAUDA?).LT*Oflfl1)GOT 3
CALL FnAM(IW)
IF (ATTACK-A(MqIW)) 27592e7,2AP

275 LAMDAlvLAmDA
SO TO ?7n

2M0 LAMDCA,.LAMDA
Go Tr 27n

283 LAMOARL44DAI
CALL FrAM(IW)
ATFMP=ATTACK
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O?~nAGLAMA~PI ~CALL ~FlAM(Thi)
418ARS (ATEMP-PA (*49 1W
A?*AAS(ATTACK-A(&4.1W))
IF ( 42 LF ,A) I 0 TO Zbg5
ATTAC"(mATEMPp
OAmAGPFl TEMP

AP~mA (Mq, W) INCR 1w)
If (ATTACK.O;TeATTCRVUTC,!wP4O).ANO.ATYACK,.IT.API) 00 TM' 247
ATTCQV(TC9yWM)3ATTCRV(ICyThqQ)
oAI4cpv (Yc * w .m rAMCQV (IC, 1W.Mf)
00 TC 24

207 ATTCQV(TC.YWM')*ATTACK
flAoc~v tTc. Ywm) aAMAGF

2AA CflNTYPIL.F
IF (ATTACKetOon.) GO TO 2QrP

XLMUmAVAE (XLMGXLM?)

29n CONTINiLF
291 LAtMIAX(yC#TW)aELm

IF. (IPRTNT(l).FQO) 0O TO 300
MINCQP*NINCPP (1W)

no 2qA M2kdUIt.NCRP
K 1W) A1TCQV (IC. 1WgM)

29A Y(m)xn~oCpv(ICqIwm)
PRINT JIS9 TC9TW
VMT Pion , n
YmAXaY (m1 NCPP)
N3u I

CALL PLnTN (V. X9YMIN9YMAXsN3,MINCRPPLTNE)

CALL rFCONn (TY#4F)
31PRINT lQO. TIMF
31REAf lnrie~ (beD(TW)#IW~31,NATTYP)

IF (FnF#S) Q99,*3fl
30? 00 3M3 1WuI.NATTYP

IF (wflfTwe).LE*NWEPMX(IW)) AO, TO 10
PRINT 1QQ. IW9KWFPuX(YW)*wn(Iw)
GO TO lrn1

33CO'NTINuE
n0 3f)4 YW819NATTYP

nlo -3tm* IC21 NCfnPID
3nl4 LA4HrA(1w)2APMAXI(LAMRDA(TW),LAMMAX(Troiw)'i

IFPL.A (i2 l
CALL ALnCAT (NATTYP9NCrjiIP.NINCPPqIPLA(;

no 31r4 tWeINATTYP
IF (TOTALA(IW)-LT*Wp)(YW)) GO To UnS
DLArA (TW) ufI.0,

41



0O TC iin
305 DLAMDAeywwin.~.S

1nr om~r At IW) NJ AMRS)A(I)(.nA4AT)@,r

I TFfa)

3atCALL AFMCTy (NTYc~nNICPTQN~)

CAL P~TCY(NATTYPtNCORID,
IF (TPQTNT~j)orQ*n) (3 TO 323

PRINT 115. ITEP
PaINT 12 n
nO 32P TWIlNATTYP
ATr0yAj uATATOTaroALA(IW)
flTMTAL 3'TnTAL#Tt1TALnl(JW)
LTOTA(E LTOTA*LTOTALLC( W)3P? PPINY 1759 rPX~nLakAA(IW),LAMe)A(yW)own(IW),TOALA(IW)oTOTALflIW

ITOTALIT ~W)

PRINT 1II* &TOTA .9nTOTAL9LTOTAL.VPF G O 1323 n*R(PLAW)DIW)mm,0TI~JRYW)
00 3'? T~mjqNATTY0

325 (TO?~ALAXT)NFW( IW)*A~nLM) GD TO 5)
GF O mx*eLLM o TO AS
Di DO 31n TWO19NATTYP

30iF (ARShMDIACIW(TW)W,',.G*FOTTNRT)) GO To 345

33?1 (T'0TALA(Tj),GF.wf(Iwl) G~O TO 5oo

GO TO SMS

IFo LA(DL)SFPA(O)rT?*rle~)AGO(IW3

35IF (TnTALA(IW).GT.wn(IW)) (0O TO 35f)
OLAmCA e w) UFQACT1*r)LAMDA (1W)
Go Tc A

35n nLaPmCA (?W)wFPArT7,.nLAm0A(Twm

GO TC 140

365 CON T T

TA.'. n~
nO 17" YWal#NATTYP
TI!I3Tq~4LMP4 DA(IW)*ToTALA(Tw)

370 T A aT A L AMRr)A I W)ewrDIW)
7 IF (Cx%.GT,n.) tnO TO 380

I F (Tc,.IT.TA) r-O TO 375
DXwF 0a CT I *P X
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3?4t DM.FaArT2*nu3l

Gr0 TO 4fQ0

390 nOEUAMN1(OLMAE/?t,eAMAI(OK@ooI))

4t) ol 41A ?wu1',NATTYP

41n) LAM rA(T'i)3Il.lt nAflA(1W))*(l.ODX)ODLAMRO)AfTw)

IF (U~rQ*GT.TTr.Ex) GO TO 450
ri0 TP 1?0

4SMnn0 46A' Tws~lqNATTyP
LAwfHrA 1w) uLAmnAR( T V

46n T0TALA( TW)*ToTAR(T4)
00t 47ft Ycnl,NCmPyn
ITYPE IC) uTTYPFR( IC)
PWEAP ( T#) UPEAPA IC)

FflAP-( C) sFn4miR I I)
47n) Y*TEQVtTC)uINTQVk(IC)

soft CALL CLrSE (NATTvPqNCflPIfUN!NCQP)
Sr' f% ( wD r Twal9NATTYF

TOTALnO 'IWsuo.
SIA TOTAjl-UW)mO.'

nn 5321 yC.J.NCnprI)I I1waITYPP'( 10
IF ( Iw.roon) GM TO 5?r'
TnTALP'(TM) .TOTALD (lw) .EtAM (IC)
TOTAL1 cTwlaTOT.&LL(IW)4EDAm(IC)h.LAmROA(Iw)PRWEAP(IC)

20CMNTINLF
PRINT 14fl.?TEP
A TMTAL ufl *
flTnTALum. 0
MM sj~l Td319NATTYrP

t TnTALAfIW'aool

00 6')" TCu1,NCnPrI
I waI T yp F( I1r)'pIF (TwFQ.f') (Th T 159r%
W FA P tla Q4 A 9 ( I C

CLMA~uO. ~'
IFIRSTuTPOINT CIC)
ILAS5TT3PqRT*NTARG( IC)-1
IF (TrFQ.NCORTnl Go TO 547

I' (wEAoDy.GFAP(TA)) Go To S4?

Go Tr 543
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547 CON TYIK.9

543 Ct!%TPl0F

547 00 S46 1TuyTFblqT*jLASY

IF (Tr FQ.k.COwan) 00 TO S44I

PPQOP?uQ IPT tIST (PCA) nST (KS) PP (KA. Jf~l.W) PP (KA.JSIW) gDIST ( T))
PPROP.QyNT(AP(JA).AP(JS),PPROq1,PPQflRWEhpfl)

IF (PPap*4076111) PPROPUI'o
IF (PPQMAsLI.0.')) PPPOH.0.fl
gyTT.TymaqFwAY (KAY (TyTIw) PPROP)

IF (PKTKTEPyTsTw).FO.C0) GO TO S44
IF (PPDOI4*F(0*,ft) GO TO S44
P4TNT!QT9ryw)afNIPTER(lTetw)/PPPOq.$o.g)

544 COTTL M(TT91W)*VUIT)IOK(IT.Tw)**?/2.
CLMAEUAMAXI (CLmAx .C9!TLM(IT. SWI)

5#.A CnNT!NUF
LAwnA) I CLOAA

CALL FMAM (TW)
IF (ATTACKwWEAPO) 550.550,555S

SnLA*4oA~v'AMrA
GO TfO GOW 5

W IF ((L.f~wOAl-LmLAfA2)*LTs0sflflI) 6 n17

7PCALL rLPStE? (IuwwEAPn)

580 PRINT lAn. TCoyw
PRINT 142t ATTACxqr)AMAGE9VALUE (IC)

On 5Qn yTTIFIRST91LAST
590 PRINT 1AS. TCITT)9ATTUIT.OAM(IT)

GO TtO oAV)
595 PRINT IA9 TC

60fl rOON T T ýF

PRIN~T 193

60S PQNT J5' yuT()TALA(IW)9TOTALD(IW)
PRINT 1Q6* ATOTALeflTOTAt9V~F
GO TC I I
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6RA POINT 19A

104' FORMAT jJ)

115 FmQMAT ( ITTQTINN.flR*,p
rmT , PLAMPPA LAmprA WEAP DFS WFAP ORT

11A FORMA*T (IN F.4,7F1ATO.49F10.09?1P,)

13m FCRMAT uI.* TnTaL ATTACKFGS, a 09FA.n,. TMTAL DAP'AGE a 0FO4
10 TOTAl LAn~avrjAk. a *9FP1O.'/0 TOTAL VALIt'P *qFn2

134; FORmAT //OP IME*.?@WA4 IMQ0!)
140~ F(rQmAT (l1041*FYP4At ALtLACATTON FOUNn AFTER r,.OsMNG ON ITERATION 49

ISO FORMAT ~,/I ("DR WEAP TyP ATTACK DAMAOF VAUE

IS% FORMAT ONh q!5,!129F12.OFt?,?qFlft.fl)
16A# FMR'AT (11-4190FTkAf ALLOCATTON TO TARGFTS TN CnRRIf)OR *91210 THIS C

1ORQf!OCQ WAS ATTACKEFl Ry WEAPON *q!Ip//
16P FORMAT e* TOTAL ITTACKEOS TO roRQInma * .Fn/* TOTAL DAmAGE To c

InR~nnQa OvFI'.4/0 TO)TAL VALUE OF CMQRTMRQ a **FIO*Zi,.e TARGET
2 ATTArK fIn'MAtiE*//1

165 FORMaT (IN 14 ,iF1?.fl9p1'.4i
)7n FORMgaT (1m1,eCVnPQjt)R **T?** WAS NOT ATTACKFOO)
100 FORMAT f1m1.OCnWQfjOP NUmRF'4 0912//* Itm VALUE [nIST

I K09v*%~CP01*/
1~r FnRmAT (I.4 s*.?FIfl.29S1n.A,51A)
190 Fn'1maT f* TIME~ m U ~ *#
143 FnRmAT (,///0 wFAP TYO ATTACK flAmA(F*/)
IqA FnQMiT (H1'91* ;,jmmARy nFl FINAL ALLOCATT#!N*)

196 FORMAT (///* Tf'TaL ATTACKERS a *9FS~n*f/ TnTAL DAMAGE 99I24
10 TOTAL VALLE a 09F12,A)

19A FORN.AT (Il*EQPvP IN INPUT VALuEc.,.*/ NUmpr!R OF ATTACKER TYPES FX

1C9FrlcmTb4FILMrQFO C;QRI I~T,4/*Tws AS0WL NOT BE RUN,*//

9 STnP
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4A*L (c,11) A

T I'
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4; iT'I ý.'. ,T; t24AT ryw *c-m.bqfl

I AI tr~ (7 -1 41 ; 'e- t *)A~C4 9 1 1 1LA144MAA( 1 '30) 1 N4E.4V ( Ii 11),'AI ')*A*'Pji

T T l4 LA AL n() 9 A t~ S. V Al. 1ý

:(j I J) ,r,;03)6~ r 0

rA -j Ts 4LA J)r

T J I: T' 'ý
r'. T- jI.j

I0 W



q jj~j 114.c I )4t t~t foe .- ICIPCT1te6t 14coqP1

1 4 CLCC *9 . * I A * I T P -( ) k W P ( i I A ) 4 4 4 I )

I A TC4 ( S9''si ) 9 4,41V 11'% 4921) 9~r4 AX (113o-) 9 1 'PE V ( S)
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